
IIArmed Services Technic al Informaton flgenc,
Because of our limited supply, you are requeste~d to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made avallabZle to other requesters. Your cooperation
will be appreciated.

,

NOTICE: WHEN GOVERNMENT OR OTHER DRAP , SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, TIIE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WIfATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURN1ISHED, OR IN ANY WAY SUPPLIED THE
SAID DRAWINGS, SPECIFICATIONS, OR OTHER IC)ATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNZER LICENSING THE HOLDER OR ANY OTHER

'PERSON OR CORPORATION, OR CONVEYING AN-y RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAj'-MAy IN ANY WAY BE RELATED THERETO.

Reproclucet€l 6y
DOCUMENT SERVICE CENTER

UNCLA IFIED



°)o,

LYCONMG
r4 C DIVISION -THE AVIATION CORPORATION

WIJAMSPORT, 38, PENNA.

INITI&L TIST OF THE MULTI REED VALVE
COMBUSTION CH&XBR

(section I Item 3 - Contract Na(s)4718)

UNcLASSIFIED
DOWNGRAD

Autho . ty.

Date ;.~~.fnitials ~iMi

I.\

1 !AI'r



PAGES. PACE
POR4 474 t0M 4.48

I IVSOTLYCOMING REPORT NO. 109
DIVISION--THE AVIATION CORPORAT

Date of Test:
*

August 20, 1946 to February 7, 1947

Date of Report:

March 25, 1947

INITIAL TEST OF THE MULTI REED VALVE
COMBUSTION CHMBER

(Section I Item 3 - Contract NOa(s) 4718)

S

I-

1Garr

Approved by:

B. J. Vtdar--J
Chief Experimental Engineer

A. T.- Briggs C/.Cf

Project Engineer

Dis tributi on:

Cr7f. H. WiegmanChief Enginee Mr, ,. H. Wiegman

Mr. A. T. Briggs
Experimental File (2)
Engineering Records

I/ Buru of Aeronitics (5)
Fr0 F. A. Everett

-- I



PAGES. PAGE
rOM3 674 t0. 4-44

I N LYCOMING j REPORT NO 1097
DIVO.-THE AVIATION CORPORATION

INITIAL TEST OF THE MULTI REED VALVE
COMBUSTION CHAMBER

I N D E X

Page No.

Object .............................................. 1

Smwrxy ..............*.*.....*................ 1 - 2

Conclusions ........................ ...... 2

Recommendations ...4 .............. .........-.... 2

Description .................. . ...... 3 - 6

Method of Test ..................... 6 - 10

Results . ........................... ........ . . 10 - 14

Discussion ......................................... 14 - 21
0

Curves s

No. 7412 through 7419 - Thrust vs Fuel F.ow -
500 to 1200 cpm .......... 22 -29

No. 7420 through 7427 - Airflow vs Fuel Flow
* 500 to 1200 cpm .. ... 20 -37

No. 7428 through 7435 - Thrust vs Air Flow
500 to 1200 cpm .......... 38 - 45

No. 7436 through 7438 - Thrust vs Fuel Flow - 15 to
25 psi Ram Pressure ...... 46 - 48

No. 7439 through 7441 - Airflow vs Fuel Flow - 15
to 25 psi Ram Pressure .o 49 - 51

No. 7442 through 7444 - Thrust vs Airflow - 15 to
25 psi Ram Pressure ...... 52 - 54

.No. 7445 - Reproducibility Rums - Thrust vs Fuel Flow 55

No. 7446 - Reproducibility Runs - 900 cpm, 20 psi Ram,
Airflow vs Fuel Flow .................. 56

No. 7447 - Reproducibility Runs - 900 cpm, 20 psi Ram,
Thrust vs Airflow ..................... 57

No. 7448 - Thrust vs Non-Firing Airflow .......... 58



PAGES, PAGE

LYCOMINGfi REPORT NO. 1097-DIVISION.-THE AVIATION CORPORATION

INDEX - Con't

Page No.
Curvess

No. 7449 - Non-Firing Airflow vs Ram Air Pressure ... 59

No. 7450 - Reproducibility Checks - Mean Cylinder
Pressure vs Fuel Flow - Trimount Dyn.
Pressure Pickup No. ;?72-N; 0-100 Psi
Range .............................. 60

No. 7451 . Reproducibility Checks - Mean Cylinder
Pressure vs. Fuel Flow - Trimount Dyn.
Pressure Pickup No. 242 N; 0-300 psi
Range . 61

No. 7452 - Reproducibility Checks - Mean Cyl. Press.
vs Fuel Flow - MIT Balanced Diaphragm
Indicator ... ..... .......... 62

No. 7453 - Reproducibilit Check - Mean Cylinder
Pressure vs Fuel Flow - Bourdon Tube
Type Mean Pressure Gauge .................. 63

No. 7454 - Thrust vs Rain Pressure Correction Factor
Zero Airflow ............................. 64

Table No. 1 - Cyclic Pressure Measuring Instrument Com-
parison on Air Test Fixture ................ 65

Summary Data Sheets - Multi Reed Valve Chamber Initial
Test ................................. 66 - 76

Photographs:

Photo No. E-4495 - Multi Reed Valve Chamber Aes'y
Exploded View ..................... 77

Photo No. E-4496 - Multi Reed Valve Parts - Jet Nozzle
Barrel Ass 'y, Valve Stop Plate Cy-
linder, Valve Seat Cylinder....... 78

Photo 14o. E-4497 - Multi Reed Valve - Valve Seat Cy-
linder Three Quarter .Rear View ..... 79

Photo No. E-4498 - Reed Valves - Seat oide ............ 80

Photo No. E-4499 - Reed Valves - Stop Plate Side ...... 81

Photo No. E-4544 - Modified DL-8C Champion Spark Plug . 82



PAGES. PAGE
FORM Ol4 11) 4-48

LYCOMING REPORT NO. 1097
1 IVISION--THE AVIATION CORPORATION I

INDEX - Con't

Page No.
Photostatst

MIT Indicator Diagram, Run No. 632 ............... 83

" " " " " 633 ............... 84

S634 ................ 85 (a)

" " 634 ................ 85 (b)

"" " " 635 ................ 86

" "" " " 636 ................ 87

" " " " 637 ........... 88
z

"" 638 ........... 89

U " " "' 640 ........... 90

0

(" " 641 ................ 91

ft ft "I " 642 ............. 92

ft f t " " 643 ................ 93

ft " " 644 .......... 94

" " " " 645 ................ 95

" " " 652 .............. 96

I" " 653 9............7... 97

65 .654 .......... 98

ft " " , 655 .... ..... 99

I " " t t 656 ................ 100

" I " " " 657 ................ 101

" " " " " 658 .............. 102

t " " " " 660 ... 103

" " t " " 661 ................ 104

" " " 662 . .......... 105



PAGES, PAGE
FORM 074 10M 4-40 l II_

LYCOMING REPORT NO. 1097
DIVISION..THE AVIATION CORPORATION

INDEX - Con't
Page No.

Photostatst

MIT Indicator Diagram, Run No. 663 ................ 106

to" " 665 ..,.............. 107

I If 666 ................. 108

S " " It 667 ................. 109

""" " " 669 ..... 10...... 110

S t f " " 670 ............... *il

I o f 671 ,.............. 112

"z" " " " 673 ................. 114
* "" " 674 ... . .. . 115

S" " " 675 ................. 116

If of ,, It 678 117

to it to "t" " 679 118

f if I " 68o ................. 119

it it "it " 681 0..000.. .. .. .. .... 120
of of of it 6 62" to" " 680 ................. 121

11 If It " if 681 ................. 125

it~ Ito tI 682 ............ o...o 126

" " it " " 68 ...... .......... 122

""" " "~ 687 .......... 124

"i"f " " 688................ 125

If it " 689 ........... 126

"f " " " 690 ...... . .!27

"f " " " " 691........................... 128

" " Setting No. 1 and 2 - Air
Test Fixture . ............. 129



PAGES, PAGE
VO4M 474 13M 4 44

LYCOMING j REPORT NO. 1097DIVISION-THE AVIATION CORPORATIONI

INDEX - Con't

Page Bo.
Photostata

MIT Indicator Diagrams - Setting No. 3 & 4, Air Test Fixture ...... 130

S "I "t " " 5&6 " " ....... 131

Photographs:

Oscilloscope Trace - Run No. 678 .......................... 0...0. 132

It " " 679 ........................ 133

it " " 680 ......................... 134

" " " 681 ........ 44........ 135

" Air Test Fixture "Photo (a)" ........ 136.

"" " "Photo (b)" . 137

_ A P E gN D I X-I

Log Sheets No. 1 through 121 from the Multi-Reed Valve

Chamber Log Book attached to E]xpeririental and Engineering

Records Copies only.

0 fi&.

FROM LOW CONTRAST COPY.

II-lip



137 PAGES, PA0E 1
Po4M *74 'OM-449

F LYCOMING IREPORT NO. 1097
DIVISION--THE AVIATION CURPORATION

INITIAL TEAST OF THE MULTI REED VALVE
COMBUSTION C H&MBFR

OBJECTs

1. The object of this test was to obtain data from which the general

performance characteristics of the Ivcoming Multi Reed Valve Combustion

Chamber could be evaluated.

SUWArY

2. The subject combustion chamber was the second Iycominfg design

made to operate on the intermittent jet or "constant volume" cycle.

This chamber differed from the first design (See Lycoming Engineering

Report No. 1056) in that the inlet valves were of the automatic type,

opened by ram pressure and closed by combustion pressures.

3. Operation of this unit was steadier than that of the Rotary

Sleeve Valve Chamber, but cyclic combustion irregularities existed to

such a degree that the task of obtaining reproducible data was a difficult

one. Satisfactory operation was obtained at higher speeds (500 to

1200 cpm) and fuel flow range was increased at the higher speeds, but,

at the conditions used during this test, ram pressure was limited to

25 psig. by failure to start firing at higher pressures. The decrease

in airflow as fuel flow was increased at constant speed and 'ram pressure

was much greater than was the case in the Rotary Sleeve Valve Chamber.

4. Exhaust gas analysis was attempted during the latter part of

the test. Correlation of three methods of combustion chamber pressure

measurement was attempted. Neither attemot was completely successful

during the firing runs, but mean chamber pressure measurements were

an
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successfully checked by using a steadily cycling air-operated test

fixture in place of the chamber in vhich the cyclic pressures were

quite irregular.

5. The test work covered by this report was done during the period

from August 20, 1946 to February 7, 1947. Chamber operating time dur-

ing this period totaled 67 hours 40 minutes. This time does not include

calibrations or non-firing airflow tests.

CONCLI IONS:

6. It is concluded that satisfactory operation, for the purpose of

this test, was obtained, and that the data presented in this report is

representative of the best operation obtained at the conditions of this

U
Itest.
2

.4 RECOMMENDATIONS:

7. The investigation of other variables, such as those listed in

ULycoming Engineering Report No. 1056 (paragraph 8), not covered by this

report is in order. A partial list is as followss

a) Improvements in fuel atomization by higher fuel nozzle

pressures, nozzle location, spray angle, supplementary

heaters, and/or deflectors.

b) Location and type of points of ignition

c) Size and shape of jet nozzle

d) Size shape and location of the supply air valves

* e) Different types of fuel

DESCRITION t

8. The multi reed valve combustion chamber used for this test was

assembled as shown in the e.,ploded view of photograph No. E-4495, page 77.

9. The principal parts making uo the unit were assemblod in the

J-- ~
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following manner. The 18 reed valves; part No. 70760, were support-

ed between two concentric cylinders, each of which contained 18 ports.

The valves seated on the ports in the external cylinder, part No. 70761,

and were held in position when off the seats by the inner cylinder,

part No. 70825, and two end spacing rings, part No. 707-54. The head

of the chamber was formed by the closed end of the inner cylinder or

valve stop plate assembly, part No. 70825. The ports were covered on

the outside by a full circular manifold, part Nio. 70751. To the rear

of the above described portion was bolted a barrel section, part No.

070748, containing locations for 8 spark plugs. The 1.06"1 convergent

nozzle, part No. 70714, was bolted to the rear end of the barrel assqmbly
U

2 Inside combustion chamber dimensions were 5" diameter by 22 1/4" length.

The combustion chamber was fully jacketed, including the valve stop

L plate cylinder and was liquid cooled. Two more plug locations for

-special long reach type spark plugs, (Chamnion F-5A), were provided for

-0 in the head end of part No. 70825, one on either side of the adjustable
Z

reach fuel nozzle location, which was in the center of the head.

10. The ignition system used during this test was similar to that

described in Lycoming Engineering Report No. 1056 for the timed ignit-

ion runs. For this test, however, the interrupter was by-passed and

continuous ignition at the rate of several hundred sparks a second

throughout the cycle was used for the entire test. Four points of

ignition were used in the chamber. Two Champion F-5A special long

reach plugs were used in the head end location, and two modified DL-SC

Champion plugs were used in the two top locations i irectly behind the

manifold. See Photo No. E-4544 . page 82 * showing DL-8C plugs

modified ,o give 5/8" nxtension into chanbetr. Stxdard DL-"C plugs
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extend only 3/8" into the chamber.

11. With the exception of the 70802 assembly, the fuel system is

identical with that described in Lycoming Engineering Report No. 1056.

A 60 degree spray Bosch nozzle was used in the 70802 adjustable reach

injector assembly. The end of the nozzle was left fixed at 1 1/4"

extension inside the chamber throughout this test.

12. Two normally open Fisher, type 4300, automatic regulating valves

were used to replace those used during the rotary valve unit test. Other-

wise the combustion air system was identical to that described in Aeport
Z

No. 1056.

13. The test stand and Instrmentation were those designed for

2former tests and, with the following exceptions, are described in Report

'No. 1056.

a) Thrust cylinder relocation

During this test, while trying to eliminate small errors in

"* the thrust measuring system, it was thought advisable to

change the location of the thrust cylinder. The large

subframe, which rode on rollers and carried the parallelo-

gram on mhich the engine was mounted, was bolted solidly

to the floor. The thrust cylinder element was uncoupled

from the front of the subframe and set up on the apex of

the solid "A" fr-me with the plunger attached to the top

member of the parallelogram. In this way, the thrust

cylinder took the chamber reaction th-rough only the top

member of the iarallelogram instead of the iubfrsne, Yhich,

in addition to its own mass, carried the wei#tht of the pumos,
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motor, and gear box.

b) Ram air elbow

The former straight vertical ram air hose was removed

and was replaced by the 90 degree elbow to increase flexi-

bility and to eliminate vertical load on the parallelogram

due to ram air pressures.

c) Pressure-time indicator

An U.I.T. balanced diaphragm type pressure-time indicator

was obtained for a part of this test to give permanent

records of cyclic pressures. The drum of the indicator was

driven through an extension shaft off the rear of the same

motor used to drive the fuel pumps. The balanced diaphragm

element was installed in one of the rear spark plug locations.

2 d) Exhaust gas samples

U Gas samples were obtained through a straight total

pressure type probe located 2" behind the jet nozzle

throat in the center of the jet. An Orsat gas analyser

was used to determine the proportions of CO2 , 02, and CO

in the exhaust gas sample.

e) Cylinder pressure gauge

An indicating mean chamber pressure instrnment in the form

of a 3ourdon tube gauge and orifice arrangement was used

in addition to the M.I.T. indicator and the Irimount pick-

ups to show relative mean pressures. The oressure tap

for thi3 gauge xas a .063" orit'ice Jn one of the rear soa

plug loc itionu, diametrically op!ojitt the ,a'.f.. alanced
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diaphragm element. This sampling tap was connected

by a' short run of 5/16" copper tubing to an expansion

chamber of approximately 12' cubic inches volume. A

1/8" needle valve on the outlet of the, expansion chamber

was used to further damo out pressure surges to the

gauge which was connected to, the expansion chamber by

approximately 25' of 5/16" copper tubing.,

f) Electronic thrust

The electronic thrust meter was removed after some of the

preliminary checks of this test had been made. It was

oomitted from the instrumentation for the rimainer of the

test and thrust was measured solely by the hydraulic

* system.

METHOD OF TEST:

14. The reed valve chamber was operated to check the revised ram

air control system, reproducibility on firing and non-firing operation,

and thrust stand changes for a large proportion of the time up to 23.5

hours total oneration. Some data had been taken at the conditions shown

in the following schedule, but all runs made prior to this tim' were repeat-

ed.

15. This test was made at the following conditions and in the follow-

ing manner.

CONDI TIONS

3park pluLs

2 F-5A rhamoion long reach r',lugs - in head locations

2 DL-8C 'ham-oor pliiws rnoAlifed to have .63 ' reach into
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chamber - in top locations behind manifold. (See Photo

No, 9-4544 , page 82. )

Continuous spark - battery and Ford spark coils

Fuel spray nozzle - adjustable reach 70802 assembly set at

1 1/4" extension into chamber with an EGN-6382 Bosch nozzle.

Fuel injection rumps - two EJN-7648 Bosch pumps coupled in

parallel and synchronized.

Reed valves - Flat reeds, part Nio. 70760.

Jet nozzle - Part No. 70714 (kctual throat diam. 1.060")

0P.RArIONf

A. Reproducibility rurs were made at the following conditions.

15 psi ram air pressure

500 to 900 ipm by 100 ipm increments

1ZAt least four fuel flow settings at each ram and speed

Three complete sets of rums were made on successive days.

2 B. Non-firing airflow and thrust vs ram pressure checks

from 15 to 35 to 15 psi ram pressure in 5 psi increments

were made on three successive days and at inte:'vals dur-

ing the remainder of the test.

C. Runs-were made at 5 psi and 100 ipm intervals starting

at 15 psi and 500 pm as follows:

1. The range of fuel flow which would give steady

operation at 15 psi ram and 500 ita cyclic speed

was deterriined. This fuel flow range was then

divided to get 5 readings.
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2. The speed was then increased in 100 ipm increments

repeating part C (1) above until unsteady firing or a

decrease in thrust was found.

3. The ram air pressure was increased 5 psi and parts C (1)

and (2) were repeated as above.

4. Ram pressure was increased in 5 psi increments until

30 osi ram was reached, at which point the scheduled

runs were terminated.

D. A non-firing run was made at the start of each ram air pressure

change to check airflow and thrust.

E. A reverse flow reed leak test was made at the end of each

series of runs or at the end of days runs. Ignition was

also checked at these stops.

2 16. During the above scheduled operation, the following changes

were made.

d(a) Fisher automatic ram air pressure regulating valves

were installed for use after 18 hours of total engine

operation.

(b) The straight vertical ram air connecting hose was

removed and replaced by a 90 degree elbow with flexible

hoses in each leg.

(c) First the strain gauge thrust link for electronic thrust

measurement was replaced, and then electronic thrust

measurement attempts were abandoned qitog-ther.

(d) The heavy test stand 3ubframe was lowered fror, its

former Suspended position and was anchored 3olidly to
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the floor. The hydraulic piston type thrust re-

V action element was moved from the subframe mounting

and was instilled on top of the "A" frame to take

the thrust reaction of the chamber through the top

member only of the parallelogram. (See drawing No.

70713, page No. 101 of Iycoming Engineering Report

No. 1056).

17. During this preliminary test, the engine was disassembled for

inspection three times. The first two inspections were made in spiteIof the fact that no trouble was indicated either in ooeration or leak

Itests. These inspections were made after 1 hour 4 minutes and 31 hours

44 minutes total chamber operation respectively. After 40 hours total

operation, however, the reverse flow reed leak test indicated excessive

leakage back through the reeds and the unit was again removed for in-

S spection.

18. The test schedule was continued and was completed through the 25

psi ram pressure portion of the schedule, at which point it was decided

to termipate running on this schedule.

19. At this point, the effect of ram oressure alone on thrust was

investigated. This was accomplished by plugFing the jet nozzle and

applying ram air pressure to the system, while readings of thrust, cylinder

pressure, and ram pressure with zero airflow were taken.

20. Checks of a thrust system having a diaphragm type htdraulic

element, in place of the piston type used throughout this, test, were

made.

21. A reproducibility check was made at what had bee-n determined as

the best operating conditions for tie chamber, as foumd during the earlier
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part of this test. These runs were made therefore at 900 cpm cyclic

speed and 20 psi ram air pressure. Along with the reproducibility of

thrust, airflow, and fuel flow operating range, mean chamber pressure

measuring methods were checked . Pressures were measured by means of

two Trimount pick-ups, (one 100 psi, and one 300 psi range unit), an

M.I.T, balanced diaphragm type recording indicator, and a Bourdon tube

gauge, damped so as to read relative mean pressures.

22. Pressure measuring methods were, again checked. This time,

however, an air-operated test fixture was, used in place of the chamber

* to produce the intermittent cyclic pressure pattern.

d23. The chamber was disassembled for inspection and to have photo-

graphs made of the parts at the end of the test, after 67 hours, 40

minutes of total operation.

24. Throughout the test, the thrust and dynamic pressure pick-ups

were calibrated each day before operating. Thrust and ram air pressure

Sd gauges were calibrated once during this test. Other gauges and meters

used for this test had been calibrated prior to this test. (See Ly-

coming Engineering Report No. 963).

25. Aviation 73 octane fuel conforming to specification ANF-23 was

used throughout this test.

16. The subject test covered the period from August 20, 1946 to

February 7, 1947. Operating time accumulated during the test was 67

hours, 40 minutes. This time does not include the oeriods spent in

non-firing airflow checks and calibrations.

27, The operation of the chamber luring this test indicated that,
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although firing was considerably steadier over a wider range of conditions

than was experienced with the rotary valve chamber, (See Report No.

1056), cycle to cycle combustion pressures were still very irregular.

This is shown graphically on the pressure-time diagrams, pages 83 through

128 . That the traces were irregular on both the 4oressure and time

bases was observed on the oscilloscope trace of the electronic pressure

instrumnt. See Photogtaphs on pages 132 "o 135.

28. The results of the chamber performance portion of this test

are shown on curve sheets 1o. 7412 through 7453, pages 22 through 63

The data was plotted in two forms to show variations not only versus

speed, but also versus ram pressure. It will be noted that, while

t@u curves of constant ram pressure are quite evenly spaced, the curves

of constant speed, curve sheets No. 7436, 7437 and 7438, pages 46, 47 and 48

show that the higher speeds are grouped at the top of the thrust vs

* fuel flow plots, indicating that the unit had an oiotimum speed some-

where in the range frm 800 to 1200 cpa.

29. Curves No. 7439, 7440 and 7441, pages 49 , 50 and 51 show

that airflow is dependent on, and varies with, fuel flow and cyclic

speed regardless of ram pressure.

30. The non-firing airflow vs ram pressure curve, sheet No. 7449,

page 59 , shows that above two atmospheres ram pressure, the relation

is substantially a straight line. The non-firing thrust vs airflow

plot, curve sheet No. 7448, page No. 58 , ind'icates a similar re-

lation, in that above the airflow obtained at two atmospheres ram

pressure, the relation is linear.

31. Plots of the reproducibility checks, curve sheets No. 7445,
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7446, and 7447, pages 56 and 57, show maximum variations of thrust

and airflow in the order of 2-1/2 and 2% respectively, which are

measures of some of the best agreement found during this test for

data from firing operation.

32. Summary data sheets, pages 66 through 76, contain the data

from all runs selected for presentation in this report.

33. Curve sheet No. 7454, page 64, shows a factor for which

correction was not made on the aforementioned plots. This thrust

variation, although numerically small, is an overall correction which

I should be applied negatively to all of the above curves in any analysis,

since it is appreciable in some cases on a percentage basis.

34. The results of instrument checks made at the end of this test

are shown on curve sheets No. 7450, 7451, 7452 and 7453, pages 60, 61,

62 and 63, and table No. 1, page 65. These curves show the comparison

of four measurements of the mean chamber pressures taken during the re-

producibility checks at 900 cpm and 20 psi ram. The M.I.T. indicator

diagrams were so spread for these firing runs, due to the cyclic pressure

variations, as stated before, that only an approximate value of mean

pressure could be obtained. 11owever, the mean pressures that were

'plotted indicated that the M.I.T. mean nressures check those measured

by means of the 100 psi range Trimount pick-uo. The four mean pressure

imeasuring instruments were checked again, this time on an intermittent

air pressure test fixture made to give a cyclic pressure diagram similir

to that of the chamber firing diagram. Results of these checks are shown

in tabular form on page 65. Fine line traces were obtained from the

M.I.T. indicator on the air test fixture because of its steady cyclic

M M
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pressure pattern. ( See Photographs pages 129 through 131). The M.I.T.

results were therefore taken as the standard and the results of the

Trimount pick-ups and gauge were compared to it.

35. Only once during the entire test was the test interrupted by

trouble from component parts of the chamber. The third disasspmbly

inspection was made to determine the cause of excessive reed valve

leakage under reverse flow reed leak test. One reed was found to have

taken a permanent set and was arched 3/64" off the seat. At the other

inspections several reeds had been found to be arched away from the

seat, but not to the extent that the low pressure used during the

reverse flow reed leak test wuld not return them to their seats.a

36. The condition of parts at the end of the test is shown in

Photos No. E-4495 through E-4499, pages 77 through 81. Photo No. E-4498

shows the seat side of the reeds and Photo No. E-4499 shows the opposite

side. When removed, the reeds had a carbon coating which made identi-

fication by number almost impossible, and the numbers shown in the
photographs were found to be in error. The following key will properly

identify the reeds by number and position in the two photographs.

First Row Second Row

1 3
2 10

17 11
4 12
5 13
6 14
9 15
8 16
18 7
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37. Copies of all M.I.T. indicator diagrams on which a corplete

trace of the cycle was obtained are shown on nages 83 through 131 of

this report. Pages 83 through 128 showing diagrams taken during the

reproducibility checks at 900 com, and 20 psig ram, c learly illustrate,

the cyclic irregularities described above. Pages 129 through 131

show the contrasting steadiness of the traces taken during the air

test fixture runs for comoarison of pressure measurements.

38. Photographs of the oscilloscope traces taken during the

reproducibility runs are shown on pages 132 through 135 . These

records, especially Photographs on paces 132 & 133, show the cyclic

pressure and time shifts plainly. Due to an undetermined source of'

trouble in the camera, other pb)togranhic records of this part of

the test were found to have recorded only parts of the cycle. Pages

U No.136 and 137 show two photographs taken durirg the air test fixture

* checks. Photo (a), page 136, taken at 0.2 sec. exposure time, of a run

made at 507 cpm shows aporoximately 1.7 cycles. Photo (b), pae 137

taken at 0.1 sec. exposure time of a run made at 1089 cum, shows

approximately 1.8 cycles. Differences in the cyclic steadiness are

easily apparent from a comoarison of these two groups of photographs.

DISCUSSIONt

39. The operating range of the chamber, for the conditions used

for this test, was apparently limited to speeds of from 500 to 1200

cpm, and in ram pressure fron 15 to 25 psig. Above 1200 cpm firing

was uneven and the fuel flow range was quite narrow. At the lean limit

of fuel flow, missing and malfiring made stablp readings impossible,

but at the rich end, the condition terred "constant burning" %as en-
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countered. This condition can possibly be better described as ,torching".

The change from regular cycling to, torching was quite abrupt and airflow

and thrust, as well as mean chamber pressure, dropped immediately as

fuel flow was increased through the limit. Once torching h~d been start-

ed, it was necessary to reduce the fuel flow 10 to 15% below ther point

at which torching had started tol obtain regular cycling again. After

this condition had been encountered, a reading, was taken at the rich end

of each curve in the torching condition, not to evaluate the performance

at this condition, but to indicate the rich limit of operatable regular

cycling. Above 25 psi ram pressure, firing could not be started in the

chamber with operating conditions as used throughout the rest of the test.

It was found, however, that the spark plugs used in the head end of the

chamber had little or no effect, but that, if plugs were installed in

the two top locations of the rear plug belt in the barrel, the chamber

would start to fire at any ram pressure up to and including 35 psi.

This, however, was merely a check point, and no more running with changed

spark plug positions was done during the remainder of the test.

40. Although the oscilloscope trace of the pressure pattern of

this chamber had indicated that cyclic pressure variations existed, the

effect on the thrust and airflow data could not be discerned. It was

not until diagrams from the 1.. r.T. indicator were o~itained that the

amount of the pressure and time chan~e from cycle to cycle was rsalized.

With the amount ol cyclic variation observed even durin the reproduci-

bility checks at 900 cpm and 20 psi nam it is surprisin_ that the data

obtained sh wed signs of corre lation at all. During future irivestiga-

tions the amount and frequency of the irregularities, as shown by these
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two instruments, might well be used as a measure of the increase in

quality of combustion, or more aotly, the steadiness of combustion,

41. Since this was not an endurance test, several reeds were

replaced at each inspection, not because of failure or malfunctioning,

but to insure having the best operating conditions obtainable. Three

reeds were replaced at tnri first inspection, because they were found to

be slightly kinked across the seating surface. It is entirely possible

that these reeds were kinked when originally installed, but no effect

on operation was discernible. Five reeds were replaced at the second

inspection. Three of these showed a t endency to arch away from the

seat, and one showed the trace of a mark across the seat surface, but

no blowby was indicated. The fifth reed was replaced only because it

had an arch toward the seat of such an amount that installation was

26_ made difficult when the unit was assenbled. At the same irnspoction,

five reeds were installed in reversed position, (end for end), because

z marks on the reeds indicated that the seat on one edge was quite narrow.

At the third inspection, five reels were replaced because of minor dis-

tortions. One of them was replaced by a reed of the same number which-

had been removed at a previous inspection. The number 10 reed, which

was the cause of the inspection, was reinstalled in inverted position

(arch to the seat). At the inspection rade at the ehd of the test,

no' arts were replaced.

42. The test stand was altered several times to eliminate small

sources of error which had not been sitnificant wher, the 1X-544 unit

was being tested. The following factors were discovered and elLmnated

during the course of the test:
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(a) The Lord rubbor bushings in the ton member of the

parallelogram were replaced by brass bushings m d

steel pins in an attempt to raise the resonant fre-
Vt

quency of the stand to eliminate disruption of the

thrust pattern from the electronic thrust system.

(b) The electronic thrust equinment was abandoned because

it was found impractical to alter the stand to get

thrust diagrams which could be accurately averaged to

indicate the mean thrust.

(c) The straight vertical ram air connecting hose from the

ram afr piping to the manifold was removed and a 90

degree ell with both legs flexible was installed. This

change was made to eliminate the vertical load applied

to the stand by the ram air pressure in the straight

4" hose.

(d) The heavy subframe was lowered from its partly suspended

position and was solidly bolted to the floor. The

Irydraulic thrust cylinder was then moved to the too

1of the "A" frame. In this way the mass of the subframe,

motor, gear box, injector pumps, and "A" frame was

removed from the active part of the stand as far as the

thrust measurements were concerned. (See drawing No.

70713, page 101 of Report No. 1056). The thrust

cylinder then took the chamber thrust reaction through

the top member only of the parallelogram.

ke) The vertical legs of the parallelogram were found to slant
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approximately 3/16" forward of the neutral position at

rest. Static vertical loads were found to have a

small but measurable positive effect on thrust. This

error was corrected by bringing the parallelogram legs

to a vertical position.

(f) At low speeds (500 to 700 ipm) the ram air piping was

found to respond to the cyclic thrust impulses, vibrat-

ing enouth to cause thrust meter indications to fluctuate

objectionably. Bracing was installed to stiffen the

lower end of the ram air piping to reduce the vibration.

(g) Although calibrations with and without the ram air hose

connected showed very small errors, a measurable effect

was found when ram air pressure was applied to the ram
SP

air hose. This effect was measured statically at zero

airflow conditions - jet nozzle plugged. bince no means

=2 of eliminating this error could be found, a correction

curve was included in this report so that the effect on

the data could be evaluated.

(h) A diaphragm type thrust element was installed in place

of the piston type, and was checked by static calibra-

tion and under firing conditions for stability and

reproducibility. While fluctuations under firing con-

ditions were small and response was rapid, zero shift

and changes under static calibration conditions were

nuch greater than with the oiston type.

43. The electronic mean pressure and thrust imeauring equirent Nas
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revised several times during this test. Good agreement between this

method and others was never attained on the thrust system, and elect-

ronic measurement of thrust was finallv abandoned, because changes in

the stand necessary to the good performance of this system were not

practicable. The pressure measuring part of the system was retained,

and after revisions to eliminate objectionable drift and instability,

finally showed very good correlation during the checks made with the

air test fixture, (see table 1, page 65 ). This was, perhaps, the

only fair dynamic test to which this instrument was subjected. It

is almost too much to expect that three instruments, as widely differ-

ent in principles of construction and operation as those used during

this test, would measure and mean the erratically changing cyclic

pressures of the firing operation of this chamber within the limits

desired for good reproducibility. After the last revision to the'elect-

tonic equipment, it was quite possible to get relative measures of the

pressure changes caused by changes in the operating conditions from all

three instruments, but to get close agreement amofhg the absolute press-

ure values was difficult and time consuming.

44. Considerable difficulty was had with both the balanced diaphragm

contactor and the timing circuit of the !.I.T. indicator. The instrument

was found to have been received in a damaged condition, so that it was

necessary to replace the pointer cylinder head -lug before the instru-

ment could be operated. The cylinder contactor units, as received,

were not in good operating condition. The clearance between the diaphragm

and the insulated contact pin was very critical for good ooeration.

Yhile theortically this setting can be ade co tha.t only 21 of watr



137 PAGES PAGE 20
PORhI 67A 11. 44

LYCOMING REPORT NO. 1097
DIVISION--THE AVIATION. CORPORATION

pressure is required to move the diaphramn into contact, it was

found, during this test, that 1/2 to 2 1/2 psi was actually required.

During the comparisons made on the air test fixture, it was found that

2.6 psi was required to cause the diaphragm to contact, and a correction

of this amount was applied to the values measured by the M.I.T. indicator.

The timing of the spark trace of the indicator is done by an electronic

circuit, which also gave trouble. When the first attempts to use the

indicator were made, the circuit would function on only half of the trace.

The circuit was checked twice and finally partly replaced before complete

traces could be taken consibtently.

*45. The 70714 jet nozzle, as delivered to the Aeropulse Laboratory,

o was very rough in the nozzle bore. It was found necessary to take a

finishing out out of the converging section to clean it up. The finish-

ed diameter, when checked just prior to installation, was 1.060" rather

than the 1.00" specified on the 70714 drawing.

046. The ON-6382 Bosch fuel nozzle, serial No. 2, which was used to

replace the damaged nozzle (serial No. 1) of the same type, had a poor

spray pattern. This was the only similar nozzle obtainable, and was

used because of necessity rather than choice, since, although differences

in the data could not be detected, it is possible that the faulty spray

may have contributed to the erratic nature of the cyclic pressure diagram.

The same my be said for the metering of the EJN-7648 injection pumps.

Checks made durinf the rotary valve chamber test and during the subject

test, show more variation than was desired in readings taken at vorious

speeds with the metering control locked.

47. xhAUSt CoaI ,.ana grS ths bt MRenq of' * th7t '~t _t

not ihown imon , toe iaa of thiz test. In aiditir ~~~ fict tiiat
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results of the first samples were placed in doubt because of faulty

technique in operating the apparatus, the po3sibility of the inclusion

of unburned charge in the sample actually precludes use of this type

of apparatus altogether. There is also some doubt as to whether the

method used during this test to obtain gas samples yields a truly rep-

resentative sample of the products of combustion.

I
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MULTI REED VALVE TEST

TABLE NO. 1

CYCLIC PRESSURE :ASURIN(, INSTRU1:0T COMPARISON ON
AIR TEST FIXTURE

getting Trimount Trimount M.I.T. Press.- Mean Press. Cyclic
Remarks No. Pick-up Pick-un Time' Indcator Gauge Speed

Ser. No. Ser. No. Ser No. 2 NA-3305-?
27 2-N 271-N

100 psi. 50 psi.
Range Range

Mean Peak Mean Peak Mean Peak Mean

60 psi. 1 29.3 52.0 29'.4 51.. 29. 7 51.8 26.9 505
est Fix- 2 34.3 44.0 34.6 45.7( 35.0 47.2 33.1 1105
ure Air 3 33.7 44'.2 33.8 45.5 34.0 46.1 32.6 1105
upply 4 27.9 50.5 28.8 50'.8 29.0 51.8 26.8 501
aintain- 5 17.2 50.3 28.6 51.2 29.0 5?. 2 27.0 502

ed 6 31,7 43.8 32.0 44.7 32.5 45.6 30.7 1100

Drift I - 00i1 1 0.6 1

Mean Pressure Comparison

100 psi. 50 psi. Gauge Speed
Pick-uD Pixk- I'I

I Diff, 'Diif fiff, ifi. Di-ff . *3f f ___

1 -0.4 1.3 -0.3 1.0 -2.8 9.4 500
4 -1.2 4.)1 -0.2 0.7 -2.2, 7.6
5 -1,8 6.2 -0.4 1.4 -2.0 6.9

P -0.7 2.0 -0.4 1.1 -1'.9 54 1100

3 -O.3 73.5 -0. 2 0.6 -1'.4 4.1
6 -0.8 0.9 -0,5 1.5 -1.8 55

Peak Pressure Comparison

1 o,1 0. .4 -0.6 r. 1 5004 -21.3i 2.5-.C 19
5 -1.9 3.6 -1.0 1.9

2 -3.2 6.8 -1.5 3.2 1100

3 -1.9 4'.1 -0'.6 1..
6 -1.8 3.9 -0.9 2.0

NIote :All pref3ures psi.

No Correc-ion fo r zero dTift in Trirouinr pictr-U1pe a
Corr-f r;% o' for ci r Ti a-l)a

weos" "" P01.0
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21V" Y 0.7-4SM-
, Vu*w1Ar L2 r /,vT4-

Sm,= /?&IVr , Fu-. 4sVFLo 44z * CWAMC-, W A4r onr

*4% ~ ~ ~ ~ ~ ~ Y~/2 hoxzo__ ~o vm7/-t__ _p._ _ _ __.___ __ _ ____,,F)

95 517 493 15; 37 , 1717 A. 3 3,80 C 107 L1-

518 493 15 37.7 1640 2S.4 36,55 113_

as 519 497 15 62,5 1600 26. 3 41,50( 11 _

520 500 15 75.1 1572 27.2 4-1. 50(;

521 505 15 69 8 1570 27.9 _ 42,80 112

89 534 595 15 33.8 1595 24.3 1-4_,81 135 12-

536 595 15 35.4 1600 3,8 37,600 69

537 601 15 41.2 1573 24.8 _ 44105 92 _.2

538 604 15 45.6 1530 25,,j 45950 101
539 606 15 51,0 1507 25, 5 44,00 109

__540 604 15 50.5 1502 25.7 ._45,75L I1i

90 541 607 15 57.4 1407 25.3 46050 113

, 542 609 15 69.6 1273 24.5 48.40( 113

90 543 699 15 34.7 1533 24.5 _5_35( 116 2-

544 702 15 4a, 2 1507 25,7 51.406 17.

545 703 15 52.6 1470 26.2 512600 117

546 705 15 55.3 1440 25.9 550 O 117

91 548 900 15 34.8 1580 27,2 k9. 110 11 -

549 795 15 42.1 1533 17,7 5310 112
550 306 15 50.5 1489 ZB,.9 _i_ ,9 115

551 sO2 15 4a,9 1490 2a ,8 2_ 0 50 19;0
9! 553 104 15 49.3 1542 27 _2 5 96

553 806 15 55.5,1493 3a.4 59.00C 107

554 a13 15 62.7 1462 30.0 __ 4,55C 115

555 .?15 15 73.3 1423 --0.4" F"_ _ ,G 13.3

556 798 15 GS.0 1037 2.8 35 5CO 127

_ _
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/?,/IV R cm-,, A/#w F4,Ei.. o4/z OW Ihav W~c~/,,/, *A/( .h)ir.,7- Ivl.r A

#0 y. sprzio o4-ow atm7tr 4* 4W

__5_7 906 15 35.9 1517 36.1 .51.450 130__ __

558 907 15 40.. 1500 27..9 542450. m

559 908 15 54 .5 1460 29,.5 64,000 133

560 900 15 67..7 1402 . _ 74320( 135

93 561 0g 15 74,.0 1380 30.L4 73500 137
5C3 911 15 85..0 1335 31.6 76,600 137

56 893 15 91.5 1017 23.4 74,00 137

93 564 997 15 43.4 1488 ?.4 161,500 137 2-

565 998 15 51.6 1448 2 .8 60,00) 137

566 1002 15 63. 7 1368 30.,4 63,4E4 137

567 1008 15 7&.5 1333 31.4 63990$ 137

56- 995 15 8a.5 1323 31.9 6 (3,60$ 138

569 1000 15 96.0 1250 32.3 709600 139

94 570 993 15 99.5 1008 24.0 163t50 140

94 57 1111 15 53.4 1343 29.2 _63,501) 134 12-

572 I100 15 64.4 1322 30-.7' 69,0 133

573" 1102 15 77,.3 1285 31.0 78,500 133

574 1106 15 83.5 1263 31.4 791,7 132

575 1112 15 97.6 1218 31.9 81,00( 132

576 1098 15 1,03.6 1200 32.3 1 84,1( 1.30

577 1106 15 15.0 1147 31.1 .76,601 130

95 578 1206 15 49,.3 1350 2a.4 61,901 130 21
579 1IL11 15 634 1250 3,.1 :63 ,80, 128'
580 1193 15 72.21 1238 30.9 _73,50 129

581 103 15 83.2 1218 31.2 74,90 123
532 1212 15 102.4 1163 10V. 7 77,701 122

.... 53 120 15 115.0 11561 30 7 7_7_ 79k) 17.0

584 120_ -5 1 31 3 _ 2A_ --1-- -"
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#0o. SPEED PLO/ 'ow a'm &- 84"0

___,v _____) _____ ____ "4 . F)

352 5 20 24.7 1970 31 .3 -_ n-7 h5. __ 4 2
353 511 20 35.4 1940 33.0 24,.7 2 s5,10C 145

61 354 504 30 39..5 1960 3.6 33.1 L 5,35C 63 -1-2:
356 493 20 34.6 1952 32.5 23.9 t1,40( 86
357 500 20 49..4 1908 33.7 24.8 t400 94

359 506 20 49.6 1 c90 33.7 24,.9 6 i0c 110
361 501 20 49.3 1870 34.4 25.4 _ 7,90C 113
36- 502 20 58. 8 1840 35.1 25.. 6 _ 7,000 109

62 363 501 20 57..4 1835 35.1 35..9 6,70C 111
364 506 20 71.5 1820 35.7 25.9 _ 7,1.5 112
365 507 20 103.7 1795 35.9 pm_ 1 79,. 1 5,15 114
366 510 20 113.2 1713 36. 5 26.8 35,95C 115

62 367 596 20 36.9 1850 33.4 25,.6 2 5,50C 115 1-2
368 599 20 45.8 1830 34.1 2E.6 _ I ,70C 115
370 597. 20 42.5 1820 34.11 25..1 ,50C 1.R0
371 599 20 43.2 1307 34.1 _ )5.6 _5 90c 120

63 373 602 20 51.5 1775 35.3 26.4 17,40 122
374 601 20 51.6 1793 35.2 26.6 t7,40C 12?
375 603 20 62.9 1738 36.0 26..9 7,40C 121
376 603 20 90.0 1680 36.3 26..9 9rO 1,o
377 604 20 99.1 1563 36,5 27. _ ,70C 120

64 379 706 20 54.5 1700 33.3 24.6 3 1,00(O 110 1-
380 703 20 62.1 1535 33.5 _5.4 _3,90( 120
331 708 20 64.7 1470 32.5 25.6 3 4, 50C 122
382 713 20 103.7 1304 31.4 24.1 31,50C 125

683 407 703 20 36.8 id3O 32.0 ,4.7 5610 95 1-A
408 707 20 46.2 1795 34.0 25'0 594C 102
409 710 20 :54,0 1760 35.0 -16,4 _ 0 110

41o_0 703 2 0 57,3 1700 340 59_3 _ 9s0_ 113
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A4,1rY D247-A ASrve-gr
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SAL.701 20 5.4 11466 33-0 24.7 _ 6.__ 116 1 -

412 ?00 20 55.0 1710 34.6 _, 59,700 1*31_
I1

42 298 801 20 41.7 1814 33.2 - l 37 136 .0-
2 29 80 3 20 4S.5 1797 34.9 40,50M$ 136

43 807 20 57.9 1808 36.7 47920$ 138

809 20 68.0 1772 31,0 64,30 138

232 813 20 76.3 1737 39..4 8110 138

33 1800 20 86.2 1698 4 8260 138 __

43 234 909 20 54.2 1737 36.1 -75,80) 138 16-

S235905 20 54.. 1793 36.1 -72.00 )100

236 916 20 65.9 1758 3 _. 77,00 ) 110

337 905 30 76..l 1753 3 a.2 88P20 ) 112 -

44 338 911 20 86.2 1680 38.6 88,70 117

339 914 20 87.0 1676 39..1 _9?,10l) 120

340 900 20 97..2 1672 3:1.6 90,60) 121
241 900 3 97.2 1629 38.8 88,70) 193

- 42 917 30 130,0 1230 30.3 96p30 121

45 246 995 20 5.7 1717 37., 77s80 141 10-
247 998 20 74.0 1679 38.0 85,50, 142

,249 006 20 85.5 1612 39..6 92.00: 148 _

250 .000 30 74.9 1628, 37-.7 91,60( 149

46 .51 1607 20 93.1 1566 40. 1 9 2p5W 151

253 010 20 99.1 1545 41.0 _95,00 151

_ 3,53.015 20 108.0 1513 41.4 9 _S-n 93, 1 -0 150

258 995 20 13.0 1488 40,0 _ 90,75) 155

'16 157 -59 ;- 4 a5,6 1575 37,2 ____, - 40 3 10-

__8fil -I 32.5 115131 39,4 ____ so0I30i 15?
J_ __ -~r 77"-3
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47 359 1095 20 86.2 1531 41.4 194.000 15_ 0-

360 1095 20 91.4 1511 40.3 97,100 15 ?

261 109S 20 00.8 1490 40.4 979100 152

- 6 1102 20 07.0 1486 40.6 a 97,50( 152

47 263 1232 20 J27.7 1313 32 7 86,100 152 LO-
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Jg 98 500 25 31.2 2270 37..8 38,p 70 1($ 9
99 497 25 37..3 2233 38.0 51,50) 113

100 497 25 47.7 2140 38.5 53s,80) 115_

101 .4.98 25 6Z.5, 2060 39.8 - 56,00) 177

' , 505 509 35 43.3 2220 38.1 138,55) 90 1
507 501 25 29. 200 3-6 ... 46.30) 105
508 505 25 55.8 2220 39.4 - 49,45) 113

509 5132 25 65.3 1160 40,.0 54,00) 123

510 497 25 85.5 2140 39..8 49,00 1 ___

85 511 499 25 75.3 3135 39.4 48,20) 117

512 500 25 75.1 2125 ,39.4 45,80 1.8

513 492 25 43.8 2185 37.7 48,oo 1P5
! 514 492 25 52.0 2140 3a.6 46,60 127

9. - 515 494 25 65.6 3115 39.4 47,95D 131

47 266 592 25 37..6 2305 4Q..6 44,4(: 129 10-

267 588 215 36-.3 2247 40.8 - 50,10 133

48 268 599 25 37..2 2230 41.4 50,15P 139
269 600 25 39.4 2213 41..6 55,30 142 P

270 601 25 46.3 2185 4l.2 656,1 0 145
271 602 25 52.4 2123 42.8 56,6C 149

- 72 606 25 63.2 2120 44.1 58p2 _ 149

273 609 25 72.4 2063 44i.4 .... 63,0ED 152 ,,,

274 610 25 80.4 2019 44.9 6, 30 155

49 376 700 25 41.0 3143 64, 40,0 D4 157 10-
27 703 5 49.,0 2090 41.4 6.5', 150 .

2__ 7.3 110 25 60-.5 2025 4 2.0 C-4. 7 153 _

2- 71-2 25 6734 1940 41.0 66 0 153
2__ 706 25 74. 5 1332 41.3 _4_0 1_!_1_

3 . . 7 11 3 ;
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Al -. 0VaK 4OWam Zm4r rwe-~

49 1 282 711 1'25 90.4 1:531 43.-2 71_ A0& ,4

54 307 804. 25 42..4 2,270 41. 6 63201 001 143. -

308 813 25 57..4 2245 4.-,6 81.500 -4

309 816 25 70.0 220 44._9 87.10 J4.

55, 310 808 25 83. 2200 j4,- _91

- 311 809 25 94,0 2175 45, _8_3240_ 14__ a
312' 809 25, 95.3 2158 46.1 __9 20 145

55 313, 900 25 57.3 2290 44-0 7A__7_ _ - *JA& .
j 314 902 25 69..5 3245 45.6 89,40$ 142 '

315 903 25 77.1 22201 46.7 95 ,20 144

316 907 25 84.3 233 47..7 301,00 145
317 907 25 8.5 2175 4a.0 _01,00 145

318 908 25 97.5 2140 47.3 _06,00 146
0

68 414 1000 25 .59.9 1922 45.0 75.5( ..134 

69 415 1004 25 73.5 1952 47,.3 _ OU___ 130
416 1008 25 79,.5 1892 48.4 __1,80( 130

417 1010 25 87.2 1287 49.3 15, 3( 130

418 1012 25 94.1 1868 50.1 117.400 125

419, 1020 35 107..3 1820 51.0 -14.400 125

4?0 10C 3 5 105.7 1812 50.4 Iii,80, 133

421 1003 25 107.5 1317 50.8 1 la, 1M

70, 434 1106 35 81.5 1755 4Z.1 ___7__,5 It I L f .- 3,
4'n5 1101 25 300,.9 1792 4641 I__I __. 1_2_

437 1100 25 :31,i 1763 49,.3 ___7-

4_28110 25 '11-3 138 4__ 3, _ 31100 26 10 ___1_3_9, L-
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Multi Reed Valve Initial Test'
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Trimount Pick-up No . 272.-N
100 psi range

Cyclic Speed 900 cpm
Ram Air Press. 20 psi
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Photo (a)
J!ulti Reed Valve Initial Test

Cyclic Speed 507
Trinount Dynamic Pressure Pick-up

No. 272-N
100 psi range
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Photo (b)
W lti Reed Valve Initial Test

Cyclic Speed 1089
Trimouit, Dynamic Pressure Pick-up

No. 272-N
100 psi range


